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Having previously proposed a novel wireless, batteryless 
neurosensing system able to detect deep brain signals down to 20 
MV p during in vitro testing, we now seek to maintain this high 
sensitivity under in vivo conditions as well. The latter implies 
recording of deep brain activity via clinical neural electrodes which 
have inherently high impedances. In this paper, we report a link 
budget analysis that illuminates the significance of matching the 
brain implant to its associated electrode. Potentiostatic 
measurements of clinical microelectrodes are also provided, showing 
impedances in the tens of KQ to MQ range. In the future, these 
studies can be leveraged to maintain the wireless, passive, 
batteryless operation while matching implant impedance to the high 
impedance of clinical electrodes. 


Index Terms: brain implants, impedance matching, implantable 
antennas. 
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Short Bio of Asimina Kiourti 
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Researcher and then a Senior Research Associate at Ohio State’s 
ElectroScience Laboratory. Prior to that, she received the Ph.D. 
degree in Electrical and Computer Engineering from the National 
Technical University of Athens, Greece (2013) and the M.Sc. 
degree from University College London, UK (2009). Prof. Kiourti's 
research interests lie in bio-electromagnetics, wearable and 
implantable antennas, sensors for body area applications, and 
flexible textile-based electronics. Her publication record includes 
9 book chapters, 10 patents (3 awarded, 7 pending), 50 journal 
papers, and over 80 conference papers. Her work has been 
recognized with over 40 scholarly awards, including the 2018 
URSI Young Scientist Award, the 2014 IEEE EMB-S BRAIN Young 
Investigator Award, the 2013 Chorafas Foundation Outstanding 
Ph.D. Dissertation Award, the 2012 IEEE MTT-S Graduate 
Fellowship for Medical Applications, and the 2011 IEEE AP-S 
Doctoral Research Award. Prof. Kiourti is active in IEEE and 
USNC-URSI, where she serves in elected and appointed roles. Her 
contributions have gained international reputation and have been 
featured by TechCrunch, Gizmodo, Times of India, Australia 
Network News, and the ALN Magazine, among others. 
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e Introduction to Deep Brain Neurosensing 
e Wireless and Batteryless Brain Implants 


e Detecting Low-Voltage neural signals 
— Challenge 1: Lack of implanted amplifiers 
— Challenge 2: Matching to high-impedance electrodes 


e Next Steps 
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Existing Brain Implants are 
ae Restrained by Several Safety Concerns 


Brain implants can improve medical care and treatment. 





Example applications: epilepsy, tremor, Parkinson’s, Alzheimer’s, prosthetics 
control, mental disorders, etc. 


Existing implants are restrained by: 


1) Wired connections to/from the 
implant 

2) Heat generated by excessive 
electronics 


3) Batteries requiring replacement / 
recharging 
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Brain Signals of Interest 


Brain Signals Waveform Voltage Range Frequency Range 





Extracellular action potentials (spikes) 100-2000 LV, 100 Hz - 5 kHz 





ElectroCorticoGraphic signals (ECoG) yo ra lat 2010000 UV pp 0.5 — 500 Hz 





Local Field Potentials (LFPs) TS 20-2000 uV pp < 200 Hz 


LFPs are low frequency and low amplitude = difficult to detect 
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Vision: Wireless and Batteryless Acquisition 
"UNIVERSITY of Deep Brain Signals 


Outcome: | é 
See your brain activity, receive diagnosis without going to hospital — > Wireless neurosensors for 


everyday use 





°. Fully passive 

* Very simple electronics 

°. Tiny footprint to 
minimize trauma 

Wearable network using| | Data analysis; E 

harvested power | psychological : Acquisition of extremely 

ve a] diagnosis weak signals 
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Overview of Wireless and Batteryless Neurosensing 


signal AA Exterior 
generator Interrogator 





me ee me ee 


4.8 GHz + f 


— “neuro 





F Demodulator | 


‘implanted 
antenna ' 


very low-power 
neurosignals 
(Freuro) 


C. Lee, A. Kiourti, et al., “A High—Sensitivity Fully—Passive 
Neurosensing System for Wireless Brain Signal 


Monitoring,” IEEE Trans. Microw. Theory Techn., 2015. 
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CHALLENGE #1: Lack of Implanted Amplifier 


Batteryless Implant Interrogator 
Mixer 


p(X 
y fneuro 


Mixer Antenna 


! Freq. Doubler 


Neurosignal power Minimum Detectable 
= -90dBm (201 V,,,) Signal = -120dBm 













System Loss 
(Mixer + Wireless + Mismatch) 
must be < 30 dB 
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Brain Implant Design Summary 
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Ohio State’s Work vs. Previously Reported Wireless 
“UNIVERSITY Brain Implants 


17 mA from a 1.2 Ah battery 
to run for 48 hours 


Szuts, 2011 Exterior N/A 645 mW 10.2 uV „p (rat) 
Rizk, 2007 Exterior 50 x 40 mm? 100 mW N/A 


Miranda, 2010 Exterior 38 x 38 mm? 142 mW 14.2 1V,, (non-human 
primate) 


Yin, 2010 Exterior N/A 5.6 mW 13.9 UV „p (rat) 
Sodagar, 2009 Exterior 14 x 16 mm? 14.4 mW 25.2 UV p (guinea) 


Borton, 2013 Implanted 56 x 42 mm? 90.6 mW Hiss LV pp (non-human 
primate) 


Rizk, 2009 Implanted 50 x 40 mm? 2000 mW 20 uv, (sheep) 
Sodagar, 2007 Implanted 14 x 15.5 mm? 14.4 mW 23 UV p (guinea) 


Moradi, 2014 Implanted N/A N/A, yet >0 mW N/A 


Schwerdt, 2011 Implanted 12 x 4 mm? Fully passive 3.4 mV, (in-vitro) 

















Yin, 2014 Exterior 52 x 44 mm? N/A 









Lee, 2015 Implanted 39 x 15 mm? Fully passive 200 uV,, (in-vitro) 





Kiourti, 2016 Implanted 16 x 15 mm? Fully passive 63 uV,, (in-vitro) 










Lee, 2017 Implanted 8.7 x 10 mm? Fully passive 20 uV p (in-vitro) 






C.W.L Lee et al., “A oe sae nea neurosensing system for wireless brain signal monitoring,” IEEE Trans. Microw. Theory Techn., vol. 63, pp. 2060-2068, Jun. 2015. 
a 


a Kiourti et al., “A Wireless Full ssive 


Vir e ] A ee Device for Unobtrusive Neuropotential A IEEE Trans. Biomed. Eng., 2016 
.W.L. Lee et al., “Miniaturized Fully-Passive Brain Implan 


for Wireless Neuropotential Acquisition," IEEE Antennas Wireless Propag. Lett., 2017. 
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CHALLENGE #2: Electrodes Have High Impedance 


Our previous devices can detect down to 20 uV, , generated by a (50 (2) 
function generator, but real electrodes have much higher impedances 
(KO to MO range) 





To improve system sensitivity, 
we need: 


> Higher implant impedance 
or 


> Lower electrode impedance 
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Clinical Electrode Impedance 





Pt Counter 


ZIC Q) 


Electrode 


Phase (degrees) 





10° 10 * 10 


Frequency (Hz) 


“= Reference Electrode 





CMOS chips use a pre-amplifier on the first stage to account for high 
impedance, but no pre-amplifiers are allowed in our design (batteryless!). 
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UNIVERSITY 





Since the BJT pair has much larger input impedance than the RF diode 
alone, it can boost the overall input impedance of the implant. 


Implanted Sensor 


nln 


very low-voltage 
neural signals (f 


omen! 
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"i 0. Impedance-Matched Implant Layout 
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2.4 GHz -> DC ness ? 






¢ DC Mode —- Diode = Rectifier 


¢ DC current self-biases the 
BJT 


¢ RF Mode — Diode = Mixer fneuro -> 4.8GHz + fneuro eae 


e Harmonic mixing generates 
third-order products 


Schottky l = i 
Diode f + 


E T E E E A = E å a a ‘H = —— a 
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Sensitivity Improvement by Year Using 
50 and 33 KQ Electrodes 
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Performance of our 2019 Impedance-Matched Implant 


Recorded Time Domain Signal Improvement 





0.4 


Voltage [V] 
2 


-0.2 


— ‘Proposed 
f, A 
A A A ri f f A Fy —Previous [3] 
4 , 1 + \ i . r j r 






I 
li 
i ti 
I I 
I 1 

i 


- 
aw = = 
a=” 





I ! 1 ' 0 I 
. 1 s . ! I ; I I 
1! ly : : \ H t 
y J y . y Y x \y Y 
0.02 0.04 0.06 0.08 0.1 
Time [sec] 


e Neural signals > 100 yV,,, 
can be retrieved for a 33 kO 
electrode impedance 


e Sensitivity of our previous 
system was 50 times lower 
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Improve Wireless Interface 
Robustness 
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Work-in-Progress 


Clinical 


Recording 


System 





y Macroelectrode | 


Fully Passive 
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